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Abstract
1. Mitochondria isolated from hamster tumors induced by adenovirus type 12 poeed circular
DNA fibers. 2. The mean value of the length of the highest frequency group of the circular DNA
molecules was 4.92±0.38 µ. 3. Catenated dimer DNA molecules and small (le than 2 µ in length)
circular DNA molecules were observed.
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Circular DNA molecules have been observed in mitochondria from
various tissues (1-17). And many reports have revealed that mitochon-
drial DNA differs from nuclear DNA in many properties 08-29).
Recently, investigations on the differences of mitochondrial DNAs bet-
ween cancer cells and normal cells have been done in the field of carcino.
genesis (6, 7, 11-17).
This report describes the electron microscopic observations on the
mitochondrial DNA extracted from adenovirus Type 12-induced hamster
tumors.
MATERIALS AND METHODS
Virus and animals: Adenovirus type 12 (Ad 12) was originally provided by
Dr. KATSUO OGAWA of Department of Pathology, Okayama University Medical
School. The stockvirus was propagated in our laboratory in HeLa cells. The
infectivity titer of the virus was 102.5TCID50/O. 1 ml.
0.05 ml of the stockvirus was injected intraperitoneally into syrian hamsters
within 24 hours after birth. Forty-eight days after Ad 12 inoculation, tumors
were excised, minced and very loosely homogenized. 0.5 ml of the cell suspension
was subcutaneously inoculated into unconditioned hamsters of 45 to 60 days of
age. Two weeks later, the hamsters were sacrificed, and the tumors were excised.
Necrotic masses in the center of the tumors were elaborately excluded.
Isolation of mitochondria: Mitochondria were isolated according to the method
of HOGEBOOM and SCHNEIDER (30). The crude mitochondrial fraction was suspen-
ded in 0.25M sucrose [with O.lmM EDTA and 2mM Tris buffer, pH 7.6 and
layered on 0.34M sucrose. It was centrifuged at 700xg for 10 min. and approx-
imately three fourths of the upper layer was carefully pipetted ;out. The mito-
chondrial fraction was washed four times with the sucrose solution (12,000 xg
for 10 min.).
Isolation of DNA from mitochondria: DNA was isolated by MARMUR'S method
(31) with a slight modification. Since mitochondrial DNA fibers could not be
spooled on a glass rod, the DNA-ethanol mixture was stored at -20°C overnight
and it was centrifuged. The pellet was dissolved in dilute SSG. The absorption
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spectrum of the suspension utilizing a Hitachi EPS.3T automatic spectrophoto-
meter revealed that the wave length at the maximal optical density was 260 m,u.
Rotary shadowing and electron microscop)!: Rotary shadowing of DNA fibers with
platinum-palladium was performed following KLEINSCHMIDT and FREIFELDER'S
technique (32). The specimens were observed with a HITACHI HU.IIC electron
microscope. Contour length of DNA fibers was measured on electron micro-
graphs.
RESULTS
In the electron micro3copy of the specimens, considerably many,
small linear DNA fragments (usually shorter than 2 fl. in length) and
numerous circular DNA fibers were observed. Long, linear fibers (longer
than 5 fl. in length) were far less frequently recognized. Circular DNA
fibers were arranged in various forms; open, catenated and twisted.
Highly twisted circles were occasionally observed. They were, however,
excluded from measuring of the contour length, because of the difficulty
in accurate measurement. Circular DNA molecules ranging in length
from 4.0 to 5.5 ,f.!. occupied about 70 % of the total number of the circular-
form DNA fibers, while those shorter than 2,0. in length amounted to
approximately 18 %. The mean value of the length of the highest fre.
quency group was 4.92±0.38 p..
18
Length (!()
Fig. 1 A histogram of the contour length distributions of circular mitochon-
drial DNA molecules isolated from hamster tumors induced by adenovirus type
12. Total number of circular DNA molecules: 57 Mean value of the length of
the highest frequency-group: 4.92±O.38tt
DISCUSSION
In mitochondrial DNA molecules from hamster tumors induced by
Ad 12, the mean value of the length of the highest frequency group was
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Fig. 2 An open circular mitochondrial DNA molecule isolated from hamster tumors
induced by Ad 12. A few short linear DNA fibers are also observed.
Fig. 3 Two twisted circular mitochondrial DNA fibers
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Fig. 4 Catenated circular mitochondrial DNA fibers. Two circular DNA fibers of
the same length are catenated with each other.
Fig. 1 Small circular mitochondrial DNA fibers. (a)O.3f! (b)O.4~ (c)O·.9~ (d)I.OfL
(e)1.3~
4.92 ± 0.38 ,II.. A report (10) described that the mean value of the length
in mitochondrial DNA molecules from normal hamster liver was 5.13±
0.28 p.. Another recent report (11) showed similar data on the difference
in length of mitochondrial DNA molecules between human normal liver
and human hepatoma. The significance of the difference in length of
circular DNA fibers between tumor and normal tissues is unknown.
The presence of small circular DNA in tumor cell mitochondria
aroused the interest of many workers because small circular DNA viruses
were highly oncogenic in some animals and cultured cells. However,
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BENJAMIN (33) showed the absence of homology between DNA from small
circular DNA viruses and mitochondrial DNA from virus-induced tumors.
It still remains unknown whether the difference in length of circular DNA
fi bers between normal and tumor tissue mitochondra is of any significance
in oncogenicity.
The most probable explanation on short linear DNA fibers is that
some mitochondrial DNA molecules had been broken into small pieces
through the procedure of DNA extraction. A small number of the linear
DNA fibers might be originally present in mitochondria. As to the long
linear fibers, there may have been a little nuclear contamination in the
mitochondrial fraction.
SUMMARY
1. Mitochondria isolated from hamster tumors induced by adeno-
virus type 12 possessed circular DNA fibers.
2. The mean value of the length of the highest frequency group of
the circular DNA molecules was 4.92 ±O.38 fl..
3. Catenated dimer DNA molecules and small (less than 2 fl. in
length) circular DNA molecules were observed.
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